Current seismic design provisions allow structures to deform into inelastic range during design level earthquakes since the chance to meet such event is quite rare. For this purpose, design base shear is defined in current seismic design provisions as the value of elastic seismic shear force divided by strength reduction factor, R (1). Strength reduction factor generally consists of four different factors, which can account for ductility capacity, overstrength, damping, and redundancy inherent in structures respectively. In this study, R factor is assumed to account for only the ductility rather than overstrength, damping, and redundancy. The R factor considering ductility is called "ductility factor" (  R ). This study proposes ductility factor with correction factor, C, which can account for dynamic P- effect. Correction factor, C is established as the functional form since it requires computational efforts and time for calculating this factor. From the statistical study using the results of nonlinear dynamic analysis for 40 earthquake ground motions (EQGM) it is shown that the dependence of C factor on structural period is weak, whereas C factor is strongly dependant on the change of ductility ratio and stability coefficient. To propose the functional form of C factor statistical study is carried out using 79,920 nonlinear dynamic analysis results for different combination of parameters and 40 EQGM.
INTRODUCTION

Current seismic design provisions [1997 Uniform Building Code; NEHRP Recommended
Provisions (BSSC, 1997); Recommended Lateral Force Requirements and Commentary (SEAOC, 1999) ] allow structures to deform into inelastic range during design level earthquake by adopting strength reduction factor, R which accounts for inherent overstrength and global ductility capacity of structural system. Seismic design provisions define earthquake-induced load using design base shear under design earthquake which is 2/3 of maximum considered earthquake (mean return period of 2475 years). Since the chance of a structure to meet such event is low, it is appropriate to allow structures to deform into inelastic range during such a rare event.
The strength reduction factor, R factor, is introduced in the code formula of design base shear for this purpose. This factor reduces the elastic base shear required to make a structure behave elastically during design level earthquake. The R factor is assigned values not less than 1. Strength reduction factor, R , generally consists of four different factors. These four factors account for ductility capacity, overstrength, damping, and redundancy inherent in structures. This study considers only the factor accounting for ductility, which is called as "ductility factor" hereafter.
Since structures are designed using design base shear rather than elastic seismic shear force the structures may experience large story drifts during a large earthquake ground motion such as a design level earthquake ground motion. In this case P- effect can be significant, which is defined as the additional deformation induced by a secondary moment. Gravity loads and story drift make this moment.
In the case of an elastic structure with static loading condition story drift including P- effect is a little larger than that of first order analysis. When an elastic structure undergoes dynamic loads such as earthquake, the P- effect changes natural period of a structure. Thus maximum story drift could increase or decrease depending on the property of the dynamic loads. Also, the earthquake load causes inelastic deformation to a structure since seismic design provisions employ the strength reduction factor, R while other design loads such as dead, live, and wind loads do not cause the inelastic behavior to a structure. Thus, the P- effect can be significant for seismic design. In -3 -current seismic design procedures [1997 NEHRP, 1997 UBC, 1997 SEAOC] the P-effect is not well accounted. In those provisions, the P-effect is considered by multiplying story drift with numerical coefficient  , which is derived from linear static analysis rather than Nonlinear dynamic analysis.
Several researchers have carried out studies on the inelastic dynamic P- . Husid (1969) reported the effect of inelastic dynamic P-effect first. Mahin and Boroschek (1992) suggested the methodology to evaluate whether P-effect affects bridge structures. MacRae (1994) made recommendations for the design of single degree of freedom structures considering P-effect.
Recently, Gupta and Krawinkler (2000) carried out two case studies and proposed simple procedure for identifying P-effect on MDOF systems.
The purpose of this study is to reflect the dynamic P- effect into seismic design procedures.
This study attempts to calibrate R factor using a modification factor, C in order to account for dynamic P- effect. This factor is considered with the ductility factor in this study since both factors are used for calibrating the base shear, and also they are functions of dynamic properties, response level, and characteristics of earthquake ground motions (EQGMs). In order to establish the functional form statistical study is carried out.
STRENGTH REDUCTION FACTOR, R
Strength reduction factor is adopted in the formula to calculate seismic design base shear.
This factor allows a designed structure to deform into inelastic range during a design level earthquake ground motions. The code formula for calculating the design base shear is as follows:
In Eq. (1) Cs denotes Linear Elastic Design Response Spectrum (LEDRS), W is weight of a structure, and R is a strength reduction factor. The factor R should not be less than 1. In Eq.
/ s CR is Inelastic Design Response Spectrum (IDRS). When a building is designed using base shear
without applying R factor a structure is expected to behave elastically during a design level earthquake. Fig. 1 shows the conceptual relationship between LEDRS and IDRS. Since R is not less than 1 IDRS is less than or equal to LEDRS. In seismic design provisions R factor is assigned according to structural systems and structural materials.
DUCTILITY FACTOR,  R , WITHOUT CONSIDERATION OF P- EFFECT
Strength reduction factor, R , generally accounts for ductility capacity, overstrength, damping, and redundancy inherent in structures. Thus R factor can be expressed as follows (ATC19): 
where ( Ductility factor for a given ductility ratio is evaluated using the procedure shown in Fig. 2 .
In order to evaluate the strength demand of a single degree of freedom (SDOF) system for a given
target ductility ratio and a given earthquake ground motion the following equation of motion is used.
where m , c , and, () Ft are mass, damping factor, and restoring force, respectively, and ) (t u g is ground displacement. Dot denotes the derivative with respect to time. In this study, the damping ratio is assumed to be 5% of the critical damping for all cases since seismic design provisions are normally based on the 5% damped system. For determining the yield strength, which attains a given target ductility, the iteration process is necessary (Fig. 2) .
STUDIES FOR DUCTILITY FACTOR, R

This study adopts the functional form of Newmark and Hall (1982) proposed the functional form of ductility factor using elastoperfectly plastic (EPP) SDOF system as follows. The followings are proposed function for the R factor Table 1 . R  factor for elasto-perfectly plastic model is as follows: 
CODE REQUIREMENT FOR P- EFFECT
When current seismic design provisions consider P- effect induced by earthquake load seismic force is assumed to be static and the structural period is also assumed to be the same during an earthquake. These can be the weaknesses of current code procedures. In order to account for P- effect the story drift calculated using design base shear is multiplied by  (NEHRP 1997) which is defined as follows:
where  is the stability coefficient which can be calculated by Eq. (13) 
where  is the ratio of shear demand to shear capacity for the story.
However, Eq. (12) is derived from linear elastic structure under static loading condition as mentioned earlier. However, earthquake excitation is dynamic load and a structure can experience inelastic deformation during an earthquake. Also, structural period can be changed. In this case the  needs to be modified.
MODEL FOR DYNAMIC P- EFFECT
A single degree of freedom (SDOF) model proposed by Bernal (1987) is used in this study to consider dynamic P- effect. The model is composed of a rigid column, a lumped mass at the top, and a rotational spring at the bottom as shown in Fig. 5(a) . Rotational spring is modeled as elastoperfectly plastic, Fig. 5(b) . Thus, after relative displacement reaches yield displacement, the lateral stiffness of the system, not the spring, become negative due to the effect of gravity load, Fig. 5 (c).
As a result, the resistance function F depends on the relative displacement, , and is affected by the gravity load P . From the fact that the sum of moment at a support is zero, one can obtain following equations. 
From Eq. (15) and Eq. (17) it can be seen that as the stability coefficient getting larger, the total stiffness of the system becomes smaller. From the fact that the moment about the base must remain at y M after yielding, one gets
With the effect of gravity included in the resistance function, the equation of dynamic equilibrium is shown as follows.
where Ug is ground displacement induced by ground excitation, m is mass,  is natural cyclic frequency of a system and  is damping ratio. The resistance function per unit mass ( , ) / Fm   can also be expressed in terms of the natural frequency of the system shown in Fig. 5(d) . Fig. 6 shows the resistance curve as a function of normalized acceleration and maximum displacement. It can be seen from this figure that a structure with consideration of dynamic P- effect becomes unstable if maximum ground acceleration is getting larger or the yield strength of its spring is getting lower. Fig. 7 describes the same phenomenon at the view of ductility. 
MODIFICATION FACTOR CONSIDERING DYNAMIC P-ΔEFFECT
In order to establish the functional form of R factor, which can account for dynamic P- effect, first the ratio between R factor with ( is not 0) and without considering P- effect (=0) is calculated. This calculation process is repeated for a given set of parameters such as target ductility () ratio, structural period (T) and stability coefficient () and for a given earthquake ground motion.
Based on obtained R ratios modification factor (C factor) is regressed with respect to the considered parameters (, T, ). The overview of the procedure is shown in Fig. 8 and described in detail as follows.
(1) Modification factor
Strength factor considering P- effect (hereafter denoted as R' ) can be expressed as follows; In this study it is assumed that dynamic P- effect is treated as the correction factor of ductility factor as follows.
where R  is the strength reduction factor for an EPP model of SDOF system without the effect for gravity. From Eqs. (3), (20) and (21), the following equation is obtained for modification factor C. 
This study assumes that modification factor, C, is the function of ductility ratio(), structural period(T), and stability coefficient().
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(2) Sensitivity Analysis
To determine the sensitivity of each parameter on C factor the value of C is calculated as changing the value of one parameter. During these calculations the other parameters remain constant values. To test the sensitivity following assumptions are made.
1) The modification factor must be 1 for all ductility ratios when stability coefficient is 0.
2) The modification factor must be 0 for all ductility ratios when stability coefficient is 1. Table 2 shows the inventory of selected EQGMs, which are used in this study. Fig. 9 shows the correlation between structural period and C factor. Since the correlation between these two variables is weak with correlation coefficient 0.0341, the effect of structural period on C factor is not considered as a parameter for C factor. Table 3 shows the correlation coefficient between structural period and C factor for a given target ductility ratio and stability coefficient. Also, the correlations for target ductility ratio vs. C factor and stability coefficient vs. C factor are tested. Table 4 and Fig. 10 show the correlation coefficient for C factor and stability coefficient  for a given target ductility ratio of 2. Table 5 and Fig. 11 show the correlation coefficient for C factor and target ductility ratio. According to these tables and figures target ductility ratio and stability coefficient strongly affect the C factor. As structural period and C factor show little correlation, strength reduction factor for each combination of stability coefficients and ductilities were averaged throughout all periods. Thus Eq. (22) The results of nonlinear dynamic analyses were fitted to gamma distribution for each ductility and stability coefficients. And the modification factors having exceedance probability of 90% were used in the regression analysis. Table 6 shows the values of the C factor. This factor becomes smaller as either  or  is The function of modification factor from the regression analysis is obtained as follows.
( , ) (1 (1.5911 2.8749) ) (1 ) 
VALIDITY OF PROPOSED ' R  FUNCTION
To verify the validity of proposed '  R factor in Eq. (11), (21), (24) 10 earthquake acceleration records from soil type 1 are selected as shown in Table 6 which are different set of records from that shown in Table 2 . As the procedure described above, nonlinear dynamic analyses are performed and ductility factors were calculated regarding periods, stability coefficients, and ductility for each earthquake ground motion in Table 7 . Fig. 14 and Fig. 15 shows the actual (from nonlinear dynamic analysis) and calculated C factor (from proposed formula) with respect to stability coefficient for two different set of structural period and target ductility ratio. From these figures the 
CONCLUSION
The functional form of ductility factor, '  R is proposed in this study in order to account for dynamic P- effect. Followings are conclusions based on the results of this study.
The correction factor C (ratio of '
 R to R  ) is strongly dependant on the change of ductility ratio and stability coefficient. However, the dependency of this factor on structural period (T) is weak.
2. To establish the functional form of C factor the dependency of dynamic P- effect on structural period, T is not significant.
3. This study proposed the functional form of C factor with respect to ductility ratio and stability coefficient as follows. 4. Smaller C factor is obtained as the level of either ductility ratio or stability coefficient increases. This implies that strength reduction factor shall be reduced as the level of either ductility ratio or stability coefficient is increased.
5. Based on the results of this study the C factor varies from 1 to 0.60 according to the level of ductility ratio and stability coefficient. The value 0.60 for C factor represents a strength reduction factor should be 0.6 times smaller than the strength reduction factor obtained without considering the dynamic P- effect. Thus, the dynamic P- effect gives the significant difference in the results.
The proposed equation of '
 R factor can explicitly account for dynamic P- effect for inelastic system. 
